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COLLECTION OF THE BANV-HEAD WAVELENGTHS OF N2 AND N.+* - A

",/ L. WVALLACE, i

Yerkes Observatory, lniversity of Chicago, Williams Bay, Wisconsin

•BSTZACT-
The '~avelengths of the band heads of (anti,' extending from the vacuum ultraviolet into the

far infrared, are tabulated according to thet1ýctronic transition involved. Supplementary material is
provided to facilitate problernaR of identification. -

This summary includes all the band-heaý wavelengths of gaseous N 2 and N+ found
in the literature, limited only by the requirement that the observations have been fitted
into the energy-level schemes of N2 or N+ or have been arranged in Delandres schemes
and are generally accepted as being due to N2. Into the latter category fall the green
bands, Herman's infrared bands, and the Hepner-Herman bands. While I am aware that
such an extensive listing as this cannot replace Pearse and Gaydon's (1950) tabulation,
which contains the pertinent data on all the more readily observed systems, the utility
of the present work, under many circumstances, is obvious.

Upon completion of this summary, I became aware of Lofthus' (1960) work, which is
an extensive survey containing not only the wavelengths given here but also a summary
of the important work that has been done on the structure of N2 and N2+. Lofthus' survey
is directed toward problems in molecular structure, whereas this was compiled to facili-
tate problems in identification.

In all possible cases I have used Herzberg's (1950) notation for the electronic state
designations. failing this, that of Pearse and Gaydon (1950) was used, and where the
bands are discussed by none of these authors, I have used the notation of the original
investigator with minor modifications, where necessary, to maintain consistency with
earlier designations. In several instances where rotational analyses have not been per-
formed, I have relied on the deductions of Mulliken (1957) as to the type of electronic
state involved. The vibrational assignments, particularly in the fragmentary singlet-
singlet transitions, are in some instances uncertain. It is likely that some of these systems
observed in emission actually have common upper electronic states.

In Table I are listed the states of N2 and N1, along with the observed transitions, the
system origins, the extent of the systems, and the names sometimes associated with
them. It is intended that this table should serve as an index to the wavelength listings in
the succeeding tables. The latter are arranged in four successive groups: the triplet-
triplet and higher multiplicity bands, the triplet-singlet bands, and the singlet-singlet
bands of N2, followed by the bands of N+. Within each group the systems are listed ac-
cording to increasing wave number of the system origin.

The intensities listed for the first and second positive and first negative systems are
on a linear scale. The remainder are the usual eye-estimates on a quasi-logarithmic scale.

Calculated wavelengths have been given in some cases where the observed wave-
lengths are of low quality.

In the appendix are listed the vibrational intervals, AG,,ý1 /2. References to rotational
analyses and to other works on the vibrational analyses are given in connection with the
observed band systems in Tables 2-59.

The research reported in this paper was supported by the Geophysics Research Directorate of the
Air Force Cambridge Research Center, Air Research and Development Command, under contract
AF 19(604)-3044 with the University of Chicago.
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TAILE I

Series Lmit Transition Wagiest
(A)

151260 UE-XZ 661-825 Hopftield's Rydbaft series. 51

151240 _
2

7--X 1q 661-716 Takamino, Bugs and Tanaka'@ 55
Rydber$ series.

136607 A2T, -X1Zg 732-929 Worley's Rydberg series. 53

125666 X -x 1z 785-958 Worley-Jemkins Rydberg series. 52

Upper State Observed Transitions

o State Lower V Extent
TOO State (cn0) (A)

Table No.

103580(H) 031 _B31  
44266(H) 2256-2904 Fourth Positive 9

97583(H)* C #- 8 3 179 38270(H)* 2864-5450 Goldsteln-Kaplan 8

95770(H) E A
3  

u 46014(H) 2138-2733 Kaplan's Third 10

88984 C 
11

u 3 D3ng 29670 2687-5452 Second Positive 7

"-" x 88984 1076-1123 Tanaka 13

65850 d3 - 8 3 119  6536 6058-8939 3

-x 65850 1423-2234 Wilkinson-Ogawa- 12
Tanaka

59314 B31g - A3"+ 9557 4723-1arg*e First Positive 4
.3_+.. I _+49757 A ,u X I+ 49757 1689-5326 Vegard-Kaplan it

4448 1.908u-2.971P& Hepner-lerman 2

12376 7001-8549 Koeamnm a Infrared 5
Bands

17907 5047-6360 Oreen Bands 6

Continued next paoe

* The parenthetic H indicates that TOO and vere obtained from band-head measurments.
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TAILI I

Upper State Observed Transitions

TOO State lover 1c0 Extent
(4ns.I) State (c 1 ) (A)

Table No.

121247(H) V, X,1 121247(H) 812-825 Worley sI

120583(H) U SU X 1 9 120585(H) 822-829 Worley 50

118487(H) t .-X 9 118487(H) 837-8" Worley 49

116683(H) s -X 1 9  116683(H) 850-837 Worley 48

115562(H) e 2U •oInflg 46611(H) 2224-2700 Herman 32

115365 Z Ag -wIu A43667 2369-2477 Lofthus 28

114165 Y I g -wlAu 42467 2263-2855 Kaplan's Second 27

- Ol Lu 46427 2154-2466 Kaplan's First 31

113211 X I1 -01•1- 45473 2034-2845 Fifth Positive 30
19 U

112769 h Lu- a lig 43818 2282-2796 Herman-Gaydon 29

1+
1- 112769 887-1208 Watson-Koontz 47

111332(H) d- oatJg 42381(H) 2359-2558 Herman 26

110944(H) r, 1U-- X 11+ 110944(H) 867-901 Worley 46

110656 S'1+"-'O 1f9  41705 2397-2603 Gaydon 25

110190(H) f -X Lg 110190(H) 927-1188 ,atson-goontz 45

109833(H) q1 2+-X 12 + 109833(H) 875-911 Worley 44

I+ I+
108952 g 1u+o 1ig 40001 2499 Loofthus 24

1X; 108952 938-1236 Watson-Koontz 43

108696 d"lIIu-o' 1r g 397145 2516-3008 Janin-Crozat 23

108545 k T+L-oln"g 39595 2525-2754 Lofthus 22

107657(H) &Iu n gA+ 107657 911-929 Worley 42106510(H) ?o og 37559(H) 2662- 3063 Janin-Croet 21

1063101 ? elG:• aI g 3759H 2662-3063 JIdCo 21

106368 r a-u- fi g 371417 2672-2796 Caydon 20

105682 o 01u" a ri9  36731 2724-2853 Janin-Croset 19

-XI+ 105682 897-946 Werley 41

105346 mlUu-o Ag 36395 2746-3175 HeruenoOeydon-Janin 18

-X 9  105346 935-949 Worley 40

Continued next page
*The parenthetic H indicates that T 0 and Voo were obtained from band-head measuremmcs.
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TAML I

Upper State Observed Ttansittons

ToO State Lower Ex0 r
(=71) Table No.

104712(H) 4-- 1! 11g 35761(N) 2796-3417 Nerman-janin 17

10432? P AZ*U- o0I g 35371 2327-3661 IHerman-Gaydon 16

- XAI 104322 958 Worley 39

104139 I rUu- rg 35188 2839-2980 Jann 15

103672 A+ u-XZg 103672 920-1644 Dirge-Hopfield 38

101456(H) b fIu-- XZI 101456(H) 955-1438 Birge-Hopfield 37

01o I 32510 3075-3241 Janin 14

100821(H) jI Z,- X1Z; 100821(H) 992 Worley 36

98486(H) i - X Ij 98486(H) 1002-1015 Worley 35

71698 wIA

68951 0a I9 XI+ 68951 1205-2602 Lymma-Birge-.Hopfleld 34

67730 0r ,X1 + 67738 1333-2004 Wilklnson-Mulliken- 33
o ,.awa-Taa•ka

•2.

hg - A
2 lu 2240-3070 Janion-d'Incan

64547 C
2
Z-u)-(X+ 64547 1377-2050 Second Negative 59

25566 25566 2913-5865 First Negative 57

9016 A2 nu -X21 9016 5516-17706 mainel 55

0 %

* Thearenthetlc it indicates that Too an.c Y. were obtained from band-head measurements.
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TAWL t-8

"648 "6 System

Three heads. Degraded to the Red.

sMOVAd Hamsnf (1957). Ths autahosr Llustadt the sppoeramce of the bands. The
trehasinarese to intensity win to Iusl weinlgths"W.

(A) v a A ve V1 0 V"

19079. 22334. 0,1
178. 1,0 477. 0,0 2"9710
255. 3S,.

20385. 23930.
4680. 2,1 24092. 1,1
583. 205.

6536 o"1 System

B 3 XU - B3 117

Similar to First Positive. Degraded to Wad.
The vavelangths and lItoesities #re from Leilmac, Taoakam sd Jursa (195). (1o: the

historical b ucnuroumd see Brook (1933), Carroll and Syers (1U531 and Kitisahkowuy and
warnak (1957 ).J Carroll and lubaleava (1959 and 1960) and Diek@ and Reath (190) have per-
formed the rotational analysis and Bayes and Kistishowsky (19567 appear to have established
the vibrational mibeif Tr isotopic analysis.

Leblanc. Tanaka and Jursa Include a half-tone of the sp"true.

t Int. vlv" X Int. v'lv* ). lrt. v',vv"

6058. it (W) 7,0 7239. it (2) 3,0 6247. 1
5M. it 56. ii (5) 5,1SI. iii

6200. Lit (3) 8,1 7408. i.
16. it (6) 6,1 6458. 1

6578. L 35. lii 69. it (8) 6,2
63. it (W) 6,0 93. iii
96. Lii

7591. 1"99. it (10) 7,2 6676. 1
6735. 1 7619. iii 67. ii (10) 7,3

40. ii (6) 7,1 8713. iii
56. iti

7780. 1
87. it (10) 8,3 6900. 16896. i 7609. Lit 12. it (2?) 8,4

6902. ii (0) 8,2 39. Lit
16. iti

6053. i
IS. IL (2) 4,0
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TAMA 957 Md. $town

9 311 A3 z+

"an toom" w at*mwtl 16 MA " ws~ uft"'~Juk ua
flv~am~drah 5  : 1m~3s in~.iI.*o ~i1

471.20 10,3t I692 (11 6,9 W S,30 (42

C4723..6 U'S1 x"60,5 (131) 16,4 893U.5 (38) 3,2
4797.1' 1,0 632.6 (2154) 70,7 89113.6 (3) I's1

C4606.4 9241 6394..7 (731) 9.6 9503.20 () ,
C4622.90 2$,I7 648S.6 (413) 6,5 C 920.9 (160) ,

C 4362.4 262,1 654.9 (m0) 7,0 930.20 (0) ,10
C 4"54.9 21,15 623.A (546) U's M~3.0 (25) G's

C46972.0 20,1 4971.2 (34) 12810 9564.0 (2) 10,9

C 462.9. 19,13 670.6 (504) O,2 962.2'9 (27) 3,3
C 4907.9 2216, 6764.9 (45) 11,9 96603.4 () 9
C 34.92. 1711 6766.6 (03) 4,13 616 (162) 7,6
C 4946.3 10,10 959.30' (39) U10, 9420
C 496.6 15,93 6675.2 (142 3,2 99399 (214) 2,2
C 4967.4 14,62 6574.0 (45) 119, c = :I 62n ,7

C 5006.9 13,7 7039.20 (0) 6,6 c10075.2 (1 101

5005.7* (12) 12,6 7164.6' (161) 7,5 100l75P (7) 1.12
5053.40' (6) 11'5 7262.40 (0) 12,11 10446.0 (50) 5,6
5076.20 (9) 10,4 7274.0 (362) 6,4 lw 6 (0 ,
510.20 (6) 9,3 7349.20 (4 11,10 1043.0 () ,1
5125.20 8,2 736.2 (50) 5.3 C r*W. (1000) 0,00
351.31., 7,1 7479.20 (16) 16,9 10779.20 (6) 6,1
5177.20 (0) 6,0 75047 (672) 4,2 1076.4' 79 4's
5372.1 (52) 12,7 7612.20 (49) O6 11137.2 0(02) 3,4
5407.20 (46) 11,6 726.96' (633) 3,1 1116.20 (21) 7,9
5402.20' (41) Lo,5 775.20 (40) 8,7 11520.20 (102) 2,3
5476.20, (39 9,4 7753.7 (719) 2,0 311316.
5515.2 (29) 8,3 764.6' (9) 12,12 1156.20 (23) 6,6
5553.40 (17) 7,2 769. 9 (146) 7,6 LIMA*.1 (7) 9,12
5592.20 (13) 6,1 604.9 (134 6,5 11931.0* ("61) 1,2
5632.20 (9) 5,0 6073.6' (29) 1111 3 192.

5755.2 (170G) 12,6 632201 (U6) 16,10
S60ks (2t0) 11,7 635.20 (93) 5,4
565.4 (210 1as 6370.1* (95) 4,3

54.0 (21S) O,5 653.20 (29) 9,9 cmulinnd vanS Paso
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9s55 me, System TBLE 4-0

nmt" mm

1,X3'* (,2*) 5,9 U 2.5301.2412" (3.1) 6,11 L.M* () l&2.5600 (5.2) 3,6

1.2329* (2) 4,6 1.7N ( 2.6S0SW (1.0) 5,11

1.2863* (5.4) 7,10 1.81593 (0.2) 7,12 2.L99 (3.3) 2,7

1.3061* (97) 3,5 1.232* 3,233* (0.9) 4,10

1.34740 (2.2) 69 U 1.124 3.•33* (1.2) ,106

2264 1.874* (24) 0,3 3.77n' (1.0) 3,9
3 1.3$33 3.60.6 (0.1) 0,51..4719"9 W1) 3.7

1.4142' (0) 5,6 U 1,91 4.141, (0.2) 5,12
1.4247' (0.5) 8,12 1.9970 (1.0) 6,11 4.520* (0.3) 2,8
1.4279* (171) 1,3 2.1210" (18) 2,6 3.339' (0) 41l1

N 1.4269 R 2.117 5.642* (0.1) 1,7
1.480* (4) 4,7 2.13572 (2.5) 5,10 6.786* (0.1) 3,10

N 1.4977 (154) 0,2 2.3063' (11) 1,5 7.506* (0) 0,6

1.3326* (0.2) 7,11 2.3414' 9.30* (0) 2,9

1.57127 (100) 3,6 H 2.340 12.12" 4,12
H 1.371 18.66' (0) 1,6

39.37 3,11

12376 an° 1 System

HUMA,'S ZU1U UN

$sz heads. Degvaded to the VLolet.

The vavelemathe and latnusiLtig a" Exm Carvll ma 7 (1953). The Uhofteet
va ,e1ehp head to the treest. La also 1ema (1951

Carroll and Sayers also lIve a balf-tems of the speasm.

7001.2 vi 7321.0 vi 3057.6 vi
09.2 v 30.7 v 70.9 v
144 (4) 3,1 . LV3 t (4) 1,0 77.6 iv (10) 0,0
19.3 it, 41. 4 LU 84.7 tIi
25.8 Ui 50.0 Li 94,1 ii
33.3 L 36.3 1 8101.1 1

7061.7 vi 7828.5 vi 6397. vi (1) 1,2
69.0 v 40.7 v
76.3 Ly (6) 2,0 46 7 Ivy (8) 2,2
o.$ All (367 20 a2549. vi (2) 0,1

67.5 U 62.0 Li
94.4 L 66.5 L

7433.0 vi (5) ,
7471.8 2,1
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TABiL 1 17907 set System

Coq1m PPGte*. Doped t Mm Violet.

miie of we- po w" m4 mm......

Gaydom aMe Included a half-tema of She "Wemtm.

0 5047.0a 05435.0 1 (3) 3,3 0 924. 1. (1) 2,4":48
30-7 4 (2) 3,1 O5M34

37.3 & 2,2 0 .6017.3 ) 1,3
62.7 v 0 5306.3 vi 0 26.68 vi

0 5073 4 03327.11 (2) 11 0 606.61.
030 45.5w v 0 91.0 v (6) 0,2

77.7 it. 0 6101.1 wI.
:22il (4) 2,0 035.4 665 () 2,.2 i74.20.2 74..8 0 81,60.5 1

0 90.2 ' 79.3 it 0 83.4 v (3) 2,6
0 97.0 v4 82.9 tit (9) 0,0 0 91.6 vi

67.6 4v
93.0

0 5272.0 1 0 94.2 v 0 624".3 1.
70.5 0 5602.1 vi 0 66.8 v (5) 1,4
74.4 i1t. 0 79.7 vi
78.6 1,11. (5) 2,1
63.1 iv 50. t (1) 3,46
89.2 0 61. v 6336. (5) 0,3

0 90.0 0 60.4 v
0 375.1 (3) 1,2

0 5306.6 1 76.3 v

09.5
12.9 it
16.7 Lt,1 8 1,0 3513.1 1
20.7 iv 14.7
26.9 0 363 (10) o,1

0 27.0 V 39:5
0 33.6 vi 0 43.4 vi

4M4



29670 sm" Syet" TAeLi 7

c3;-** 133jig

"'~'~* g~1 ~t.'t'~ wubiske * Dsks nd Ruastl sumaihwze= 114alle. 41o11% =tatmal s41•ea]

2U67. 6,0 3500.5 (4.9) 2,3 4343.6 0,4
2814.3 4,1 3336.7 (38) 1,2 4335.0 4,9
2619.6 3,0 3576.9 (60) 0,1 4416.7 (1.4) 3,S
29"3.2 4,2 3641.7 (1.4) 4,6 4480.2 (1.4) 2,7
2962.0 3,t. 3671.9 (4.3) 3,s 4574.3 (1.0) 1,6
2976.6 (L4) . 371.0.6 (11) 2,4 46"4.4 4,10
3104.0 0.4) 4,3 3755.5 (22) 1,3 4467.3 0,5
3116.7 (1O 3.2 3004.9 (23) 0,2 4723.5 (0.55) 3,9
3136.0 (36) 2,1 3857.9 (3.3) 4,7 4814.7 (0.36) 2,6
3139.3 (73) 1,0 3694.6 (5.7) 3,6 4916.4 1,7
3268.1 (6.3) 4,4 3943.0 (6.0) 2,5 4976.4 4,11
3265.3 (7.4) 3,3 3996.4 (9.9) 1,4 C 5031.5 0,6
3309. (2.7) 2,2 4059.4 (3.8) 0,3 C 5066.0 3,10
3336.9 (2.9) 1,1 4094.6 (2.6) 4.6 C 5179.3 2,9
3371.4 (100) 0,0 4141.8 (3.3) 3,7 C 3309.3 I,'
3346. (0.25) 4,3 4200.5 (4.1) 2,6 C 5432.0 0,7
3449. (0.23) 3,4 4269.7 (3.3) 1,I

4M,



TABLE 4-938270 cem 5ystma

COLM~ZM - KAMMA

7h.. heed... Deuaded sosh &ed.

ftyn mlrWt9KWtVftW-ftgg 280129M1 bands anM felt they botalone to
19e be. lb.p4* 4td44M beow". The him. band# appeared to 0074006 to evtgiswo from a

Osydon has included a half-tone of the spectrums.

2863.5 0,2 3326.1 0,5 4432. 2 0,10
3005.4 0,3 3506.0 0,6 4123.0 0,11
3025.6 1,4 3707.1 0,7 5016. A 0,12
3159.2 0,4 3925.4 Os
3178.4 I's 4166.0 0,9

4165.7 1 4728.4 1 3450. 111 0,13
71.6 11 (5) 0,9 35.6 11 (3) 0,11
78.2 111 43.8 111

"432.3 1 5059.4 1
38.8 11 (4) 0,10 66.7 Li (W 0,12
46.2 111 76.2 111

"4266 cu,4 system

FOURTH POSITIVE

Five close heads. Degraded to the Violet.
The wavelengths and intensities are from Fowler and Strutt (1911). The five heads

apper to correspond to the Q1 P, P ,0, and 03 branches. Ceto and Schmid (1I40)
haePerformed a rotational a.lyl 59 f tAOle 0 W ad 2 bands Gei. and Salwid'a band

head vavelengths are from 0.2 to 0.5 A greater than tRnse gives by Fowler and Strutt.

2256.0 2545.3 2896.A
57.1 46.6 WI.
58.4 (2) 0,0 48.4 (8) 0,3 2900.3 (1) 0,6
59.6 49.7 02.0
60.8 50.7 03.9

2346.4 2654.5
47.5 55.8
49.0 (6) 0,1 57.9 (5) 0,4
50.3 5.
51.4 60.5

2"42.6 2771.4
"4.0 72.8
45.6 (10) 0,2 75.1 (2) 0,5
47.0 76.5
48.0 77.9
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4 4014 y e n. TAeLl. 10- 1

E - A3 z

, ImiUmadm I. Wal e 1 s,
the uweveql..gt ev twin Uets, (19655 tabt, V.

2137.6 1,1 2315.3 0,2 2497.8 1,6
2203.8 1, 2 2391.6 0,3 2554.9 0O5
2243.3 0,1 2419.8 IS 2642.1 Os
2U12.9 1,3 2471.4 0,4 2733.2 0,7

49757 cel Syet"

VWUARD - WUAR

A 3 Z~-v+-x'4

Single heads. Degraded to the sed.
J he eavel. eths are ft". 3,aar (1935) labelled Do JaSMa (19433b md 1044s), labelled

J.m 194'., ob labeled ease list•, s also g.ives by mra.. and Reman, 1946), andIliklnom '1959', labelled W me marked with anaa asoLtseris a te A-s"tatoanalis a oDI*M Oand Neah 131959, the 1-state analysis by WVlkism (1957) apdthe aystmi
or sdoe ed frm the anasiys of 0h 6,oand 7,0 bands by Vilkineme (1597. the in-temuitige have bees scated Eroe V eg* 1932) fi- 5. Dslabout 3200 Aehe vaveleasthapear to be accreate to about 0.1 A but *boe this hobe and caleletd wavelenUw
di vere in a peculia•r h 0 N5 9  t .'• m mu J by JanE.. (1It" a) sadeuuiy the008t C*UftG- VikiU"U 1959rI ceet 1AING the most ratre

Vulf and ilvI.n (1939) prMent am intereetinm half-tme of two of the bmnds.

w 16". 1
164, 7,0 1607.5S* (1) 4,0 1901.26 (3) 2,0

V I17(66 1832.4* 7,2 1922.9* (1) 5,2
1726.0* 6,0 1841.40 (2) 5,1 1936.36 (4) 3,1
1758. P 7,1 1652.7* (1) 3,0 1953.40 1,0
1765.7* (1) 5,0 1875.9* 6,2 1972.7* (1) 4,3
1796.3P (3) 6,1 1887.0* (3) 4,1 1949.3P (4) 2,1

Coutimmed neIt page
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'451m~1 8gtm

oO, set spe

- (a) 0.0 (4) 0,$) k,13
2064.4" 51 ,3 WUP IIJI
200.*9 (4) 5,2 '.' -.

2 043.9' (2) 114g() 0,10•l.2044.2' CI.) 4.3 1,2 3 212,21
. (4 2(2 " 

&$3t44.21*5.1' 3
73(2) 4

5's 3"62.

2107.7' (4) 0,1 A W,10
204. (1 3If:~() 4,3 3, 340j:J* C) 11

201* (4) 1,2 1a" (2) 4.13227.23. (2) 5,4 377-.9
2107.t* (4) 0,1 20.7 314. s.2, (7) 0.0 3s().9'n74.0 (1) 2,3 

3,53
227.21 22. ,.(

31.0. (4) (42) 1,7225:1 (4) 3702. 3 (4) 0,11

22577.2 4) 1 2013.8 (2) 5,10 451 $ ()$5
S2257;.2' *3) 19 (3).1,12

22774.0 * 2955.4 (7)�0,7 3977.(1 4. IM,. 7 7671 (4) 2.12(1) 2.5 2.0

2/4$/1* (1) 2,4 32t4.2' 3,9 I 4072.5 (4) 2,13

2 0.*], 4144. (3) 4,162L42. (1) 5,4 7 I51.5 i 5414.? ()01

2•.4 17120* 37)O,2204.* .•L, 421. (3) 0'12

:(4 1.7 •.

22 - 3131.4 (7) 0.2 5 CO (4)

321= " A* (4) 4,9 35 44 1.571
2424.4O (1) 3.4 3196,* (2)2' s 5449. (4) 4,14
243.' 27.2' (4) 2,,0 34715. (2) 1,14 "7.

22 741.4: (7 0,11 5 4 6 .1* (3) 3,14
22741." (1) 0,4 39351.5 ()09 35407.1 () 01
23400. 2335.2' 3, 5324. (2) 2.1U

_3_. (2) 2,4 MI1A0 (2 44,12) ,1

25893400.0 (2 4,103 112 () 31

2~l (3L) 2,5443. 2 L
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sign I ~. TASLE 11-14

x 9

1464.92 3,0 0I4O~U f:U 0,

1516.592 0,0af 3 104 O'
OU M*2,6 2135.0 1)

maui *36.5533 O 2.10
159.9 (1.0 1601 15 .5 2176.47 ~~

2663 1 .59 (3 01 7 M2:16 (1.5

666 31u- I +ys

DoubIe-beaded. Dqvadm to abe 3.4.
Obeggyg by IMAk. (1955) In aboorptSam.

1075.6 (2) 2,0 9 3 11223 4 (1?

52510 set $704.

b Iflu -o In,

fepadtd to tbe R"d

Jami 3 (1946b).

2075.1 0,0 j 241.2 0,1
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'1

IdOL as-ge- 3wab me W4sse

IW 0 0 fu le!

35371 ne" .It"elms

Or+- CO3

WINoe MISd. (1945, P0 Sytem td• i (145 m abe X.o

2"7?.0 O, & 3283.3 CIS " 61.1 O's1

d "- C IO

. Deraded to em as&
Jamla (194$a, ,I and 1040 ma d . 1 94 of p (n , , am0% (1a e 5) N su (1le3) m o

teh TI-o pwaossis of Unmemio, rida) & Syseme ("bl, n :.
3T2 7.1 0,0 M1 16.9 0,2 3463.5 0,4

"2936.0 0,l 3n .9 0,3

3M56"1 me, e

dl -l., o'11 o

Degrded to She 3.4
Jsuta (194•aa 3)q • jams (¶Ls W ma(19. m e m d 19ms a (1"4t) ao

semm do nespl fssm f le' . o W) & e (tabl

2775.2 0,. 0,0j3165 ,

2277.9 0 , 0,03

4WO



37417 ai- U7st.

Q bawls.

"201.7 (1943) Itva i1.. 13)

0,6I 296. 0,1

3ef ad Oam (1040).

27841.73 (U ) 0,0j 3 .3 (4) 0 2
2703.3 3M. .1 IN.5 (3) ,

235*1 ae1 ftet=

lacom (M157).
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TAILE11 WS as- tou or to

4m Wu. uaI.L
--

+ -O ai

2824,1s (1)50).

2494.6 0,0

41705 eel sysgb

067dml a (1943) 8 systea min laftm (1937).

2297.1 0.0 249G.8 0,1 2603.3 0,2

Uemm~u (19 we*".s (tau*e Y~fl).

2356.6o M, 45.1 0, 23.0,



4266; em" SySSa VAIiLI It1.-80

IAIJLA* S 27-Mo

Ylqg - WAu

Insindod 6 0 a vso"A .M

2263.4 (4) 1,0 2536.6 (5) 0,2 2742.0 (3) 0,4
2354.5 (4) 0,0 2619.3 (5?) 1,4 2831.6 1,6
2431.1 1,2 2636.2 (5) 0,3 2854.9 0,5

2522.4 (3) 1,3 2722.0 (3) 1,5

43667 cm- System-

Deqraded to the Violet.

Lof thus (1957).

2368.8 3,4 2477.3 0,2

438158 cm1 
System

hl*-. Olng

Slightly degtaded to the Red.

Gaydons (1943) T system, Hezmuns (1945) systsem (p.
26

1), and Lofthus (1957).

2281.5 0,0 2569.6 0:3 2795.6 Os
2371.6 0,1 2678.6 0,4

4',



TAKI. SO-S 41103 el

nmnm

2135.6 2,0 2O31.t (2) 1.23 25116. () 1,'
97.19 (2) 2,1 2153.0 (4) Os 2119.3 (4) 0,5

2112.1 (5) 1,0 2387.9 I,5 2447.1 (2) 2,s
2105.2 (5) 2.2 2411.8 (7) 1,4 201.5 (s) 1,7
2101.5 (4) 1,l 2469.9 (4) 2,6 274.*2 (1) 2'9
219.9 (4) 0,0 24".7 (3) 1,5 2701.4 (3) i,'
2235.9 (3) 2,3 2525.6 (2) 0,4 23844.6 2,10
2274.3 (6) 0,1 25M.32 (1) 2,7

4•447 meel Iem

In aIll
y flg-" a'l•

Degradied So the Vi.let.

1 3(, (.943). nemum,' (1O) 0 system (table 111), and 1,fMu and Mklib.m

2153.6 (4) 020 2301.9 (4) 0,2 24416.0 (2) 0,4
2225.8 (5) 0.1 21 6. 12 .2286.5 (1) 1,3 2361.7 (3) 0,3

4M m"1 Sper

ol+?"- aiUg

Deraded to de VIelet.

lenums (194) i ae"eo (table VII).

2224.4 01 a .$ 0,3 239.6s,
2306.6 0.2 24112.4 0,4 •29. 094

4"4

! I



Qbiv*.ew. VepamW todo m hi.

153.275,0 1474.27* 6 145.64 (3) 0,
1415.27 2,0 114.64 (3) 0,3 192.15s (2) 0,?

11.7201707.00 (4) 064 200417 (10 O's
1664.16 1,0 1774,00 (4) 0.5

$Wage book. Dagmisi to de a"..

S0.1 A ad dies o
Nell ~lblld3L~.1

3 125. 3 9,0 1444.17 (4) 3,2 159.67 () 3,s
U2612.6 I's " 45.12 ( 6 ,0 31611.41 (9) 0,3

5 1249.3 (1) 7,0 14X6.70 4,3 241.26 4,s
3 26. C)0."14.21 C) 1112.6 () 1,4

1273,24 (4) 6,0 14751.56 (4) 5,4 1631,13 5,7
123.n (5) 5,0 1476.X (2) 2.2 MUM.9 2,5

1116 (4) &,1 146.30 (2) 6,5 1647.26 (1) 6,6
15.6 (s) 4,0 140.17 5,3 1457.6 (4) 3,6

15330.00 (4) 5.1 1500.6 (7) 0,1 U 14f.6 CS) 0.4
155.6 6,213.0 (3) 4,4 1473.3 4,7

1353.6 (8) 3,0 15.6 () 1,2 31147.35 (9) 1,5
1567.47 (2) 4,1 L525,2 C0) 5,5 1400.79 5,s
151.56 (2) Sol 1529." Cs) 2's 1703.10 (4) 2,0
V153.0 () Ise %Slam6 6G'7s.9,
15m.9 (3) 6,3 1544.9 (0) 3,4 179.11 (2) 3,7
137.73 3,1 a 1064036 (9) 0,2 1735.5 4,6

14O9 (5 , U61 (3) 4,5 "736.16 (5) O,5
V ujol () toi*91,31 1731,94 5,9

(1 , SU (3) 5,o 1751.97 (7) 1,6
54032,1(5 2,4 106 6 ,

1441.07 6, 3. ) 6.7 .sss ~,
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LYMII- *32 - NOWFIO

1768.77 4,10 L 196. 14 6,1 22•1.6
V1*4.0 (3) 3*. L 196.5 (1) Stu j*01611.00 49 & 20K.79 c ~ 23,*6
1UL62 (S) too S,3~ (3) 40 SM
1817.61 5.,10 L2OAL* 5.1)+
1820.74 (5) 1,7 2056.57 1,10 2276.3 3,1-
1.35.01 (1) 6,U L 209. 79 6,14 2290.5 9,19

1037.18 (5) 2,s 2073.76 2,11 230.4 10,20
1U53.64 (1) 3,9 2091.17 (1) 3,12 2328.3 11,21
1870.75 (4) 4,10 2106.81 4,13 236.7 13,23
1877.71 0,7 L 2126.67 5,14 2349.0 ,t19
1.87.91 (0) 5,11 L 214.76 6,15 2387.6 9,20
1694.17 (2) 1,6 2406.3 10,21
19S. 35 6,12 24 a5ir 1 11,22
1910.67 (4) 2,9 2462.9 13,24
1927.81. (4) 3,10 2106.1 4,13 2472.6 6,"0

L 1945.00 (4) 4,11 2125.9 5,14 2461.7 14,25
1955.87 0,6 214.0 6,15 2309. 7 10,22

L 192.44 (1) 5,12 2161.1 3,13 2565.2 13,25
1972.40 (0) 1,9 219".7 4,14 2601.9 15.27

96466 em
1 

Stem *

Vorley (1943).

1001.7 (0o) 2,0 t 1004.5 (0) 1,0 I 1015.37 (r) 0,0

100821 ee1 System ea

Single hed. Dneaded to the Rad.
Vorley (1943).

"991.65 (2*) 0,0

eaM weLatlve lnmltm tee of the baded rtoeted by Worley (1943) are all am the s seale.
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101456. am- 1 System TABLE 37-38

Single heads. Degraded to the Red.
The first six bands vere observed in absorption by Worley (1963) and the remainder by

Dirge and Hopfield (1928) In emission.

T955.08 (2) 5,0 1008.6 (5) Ol 1226.4 (9) 0,9
?960.21 (7) 4,0 1032.6 (10) 0,2 1258.4 (9) 0,10
965.63 (12) 3,0 1057.4 (10) 0,3 1291.7 (9) 0,11
972.1 (15) 2,0 1083.1 (10) 0,4 1326.2 (9) 0,12
978.87 (10) 1,0 1109.9 (5) 0,5- 1362.0 (7) 0,13
985.65 (2) 0,0 1166.0 (2) 0,7 1399.3 (4) 0,14

1195.7 (5) 0,8 1438.0 (2) 0,15

103672 em" 1 System

b 4- x'x

Single heads. Degraded to the Red.

The wavelengths of the v-0 1, 2 and 3 progressions have been calc~ated from the
fine structure analyses of Tachulanovsky (1935), Wilkinson and Houk (1956) and Lofthus
(1956a). The remainder are from the observations of Worley (1943) and Wilkinson and Houk.
The intensities in single parentheses are from Birge and Hopfield (1928) while those in
double parentheses are from Watson and Koontz (1934).

920.0 7,0 1058.1 3,5 1244.2 (4) 1,11
925.9 6,0 1066.2 2,5 1252.8 ((3)) 3,12
931.7 5,0 1074.6 (2-) 1,5 1255.8 (5) 0,11
937.7 4,0 1083.1 3,6 1264.3 2,12
94.5 3,0 1083.2 (4) 0,5 1276.1 (3) 1,12
951.0 2,0 1091.7 ((3)) 2,6 1284.7 ((2)) 3,13
957.7 1,0 1100.3 (3) 1,6 1288.3 (5) 0,12
964.5 0,0 1109.0 3,7 k296.8 2,13
965.8 3,1 1109.1 6,8 1309.2 1,13
972.6 2,1 1109.5 (4) 0,6 1322.1 (4) 0,13
979.5 1,1 1118.0 ((7)) 2,7 1330.5 2,14
986.7 0,1 1127.2 (4) 1,7 1343.6 1,14
987.7 3,2 1135.8 3,8 1357.1 (6) 0,14
994.8 2,2 1136.7 (4) 0,7 1379.2 1,15
995.7 5,3 1145.2 ((4)) 2,8 1393.5 (4) 0,15

1002.1 1,2 1154.9 (6) 1,8 1416.2 1,16
1009.6 0,2 1163.6 3,9 1431.3 (5) 0,16
1010.3 3,3 1164.9 (5) 0,8 1454.7 1,17
1011.7 6,4 1173.4 ((3)) 2,9 1470.6 (5) 0,17
1017.8 ((0)) 2,3 1183.6 (7) 1,9 1494.5 1,18
1025.4 1.3 1192.3 ((1)) 3,10 1511.3 (4) 0,18
1033.3 0,3 1194.1 (5) 0,9 1535.9 1,19
1033.8 3,4 1202.7 ((2)) 2,10 1553.7 0,19
1034.7 6,5 1213.3 (5) 1,10 1579.0 1,20
1041.6 ((3)) 2,4 1222.0 ((1)) 3,11 1597.7 (1) 0,20
1049.6 1,4 1224.4 (5) 0,10 1623.8 1,21
1057.9 (3) 0,4 1232.9 ((1)) 2.11 1643.6 (0) 0,21

**The relative intensities of the bands reported by Worley (1943) are All on the same scale.
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TA BLE 39-42 104322 em"1 System "

P" I- x 1E

Double head. Degraded to the Red.

Worley (1943).

956.17 2?

958.63 (3?) 0,0

105346 me"' System**

ml'u I +

Single heads. Degraded to the Red.

Worley (1943).

935.15 (1) 2,0? I 942.39 (3) 1,0 949.22 (2) 0,0

105682 cm' System**

0 o -x 1+

Single heads. Degraded to the Red.

Worley (1943, 1953).

882.41 (1/2) 4,0 j 912.62 (5) 2,0 946.12 (1) 0,0
897.18 (3) 3,00 928.88 (6) 1.0

107657 cm"
1 

System**

pl Iu - X1Zg
Single heads. Degraded to the Red.

Worley (1943).

910.48 (1-) 3,0 922.75 1,0 928.86? 0,0
916.42 (3) 2,0 I 0

"**The relative intensities of the bands reported by Worley (1943) are all on the some scale.
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108952 cm"1 System TADLE 43-46

Degraded to the Red.

Wassm and Ieonts (1934).

938.03 (0) 0,1 024.0 (2) 0,5 1123.25 (2) 0,9

ow.71 (0) 0,2 10"..24 (0) 0,6 1177.27 (1) 0,11
960.22 (1) 0,3 1072.42 (3) 0,7 1206.26 (3) 0,12

1001.99 (2) 0.4 1097.26 (1) 0,8 1235.79 (1) 0,13

109933 eue Syseen **

q 'u-x 19
Singso heads. Degraded to the led.

Worley (1943).

675.24 (1/4) 7,0 686.01 (1/2) 4,0 904.73 (2) 1,0
879.47 (1/4) 6,00 893. 6 (1) 3,0 f910.48 (1l) 0,0
883.91 (1/2) 5,0 899.20 (2) 2,0

110190 c-,- System

f - X
12+

Degraded to the Red.
watso, ed Reemat (1934).

927.12 (2) 0,1 1011.64 (4) 05 1107.65 (3) 0,9
947.43 (1) 0,2 1034.75 (2) 0,6 1140.42 (1) 0,11
965.34 (1) 0,3 1056.32 (1) 0,7 11I6.33 (1) 0,12
969.66 (2) 0,4 1062.78 (1) 0,6

11094 e1 System ee

Sigle heeo. Degradm to the RLe
Vorley (1943).

60.76 (3) 7,0 000.72 (4) 4,0 I m169.19 (1*) 100

1671.40 (31) 6,0 965M. (2) 3,0 ti101.33 (1") 0,0
675.67 (3÷) 5.0 "*t.95 (2) 2,0

owThe relatLve lasamsities of ire Sib iipen by iuldey (1943) are all on the mt seals.
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TASLE 47-51 112769 cm" Syastm

h I +*- I-T+
Zu -. 9z

$Wngle heads. Degraded to te le.
The 0,0 bed a s. observed by Worley (1943) in absorptionm and the remainder by Vatoe.

amd SNoems (1934) Ia eeissli.

U6.69 0,0 1033.15 (2) 0,8 1133.11 (1) 0,12
"96.06 (2) 0,5 1077.17 (3) 0,9 1160.4 (1) 0,13

1007.60 (2) 0,6 1127.22 (3) 0,11 1208.17 (0) 0,14
1030.17 (1) 0,7

116683 ee1 System -n

Single heads. Degraded to the Red.
Worley (1943).

649.71 (4) 2,0 853.19 (5) 1,0 856.9" (2*) 0,0

118487 co- 1 
syste m

t - xl4.

Single heads. Degraded to the Red.
Worley (1943).

837.31 (2+) 2,0 640.55 (3) 1,0 843.97 (3*) 0,0

120585 em" System

uII- X E1

Single head.. Degraded to the •ed.

Worley (1943).

822.12 (0) 2,0 682365 (1?) 1,0 829.29 (5) 0,0

121247 a" Syste m

v - I +

Single heads. Degraded to the Red.

Verley (1943).

812.37 (1) 2,0 I 618.53 1,0 824.76 (1) 0,0

-ThCe elative ilaemssItes of the bands reported by Worley U94YI3 are all Oft sein scle.
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S- umzw tYDIawI 8nmI (Al8O8T11CU) TANiLK 5t-54

Double heeds for u.s8 amd v' a 0, 2 3 and 4; otherwise sif8le. The short wavea.mgth
heads are givem here. Degraded to t Violet.

Voril (1943). tr opper states, which other than a - 2 may be 13U stts couwerge
to the NAo state O f .

U Ve U V* U V

764.75 16 1 797.29 21 0 603.81 (1+) 9 0
785.09 1i 1 797.44 20 0 805.90 a 0
765.31 14 1 797.63 19 0 808.91 7 0
786.67 12 1 797.84 is 0 613.52 6 0
767.48 11 1 796.08 17 0 820.04? (0+) 4 1
768.54 10 1 796.37 16 0 621.11 (1/2) 3 0
790.02 9 1 79.72 (1/2")15 0 834.11? (1/2) 3 2
793.8 Stoes 0 799.13 (1/20)14 0 834.93 4 0

isit 79.38 (0e) 6 1 865.06 (1) 3 0
7".77 26 0 799.68 (1/2')13 0 606.03 (1/4) 2 4796.83 23 0 800.35(1/2?)12 0 902.56 (2) 2 3

796.94 24 0 601.21 11 0 920.04 (3+?) 2 2
797.04 23 0 602.33 10 0 938.37 (8) 2 1
797.16 22 0 9M,.7 (2) 2 0

1001L1ytS RY10 3 1=1SI18. (ASSO1PTI•0u)
A2 1+ .- x•
A 23U -X 

1 q

(v' - 1)
Single heads. Degraded to the Red.

Vorley (1943 and 1933). The u states apear to converge to the A2 fl state ofd.-The -- ]elmigt of th.e•. seie limit•:.• wa.s, cal" A2ed

732.03 ries7. (3' 3 606.4 3
Limit 5.0 () .3

749.02 (2+) 6 771.72 (2) 4 926.88 2

HOMXLDIJ'$ RYDBMB SUK~IR (ASSO81MINO)

Takin, . aga., and Taaka (1938). The last band ts from Wor•e• (,143). The . ev gth
of the series liit was calculated. The upper states ooswefte to the ' state of .

661.2 Series 667.3 9 012. 5
"LiiL"t 669.1 a 695.0

"663 7 11 671.5 7 723.7 3

666.4 10 673.4 6 253.3 2?

* Uae relative intensities of the bands reported by Worley (1943) are all ea the sawe seate.
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TABLE 5S-54 TCANMII, SWA AwD TAMNAIS ILYDBUG SUEIS (EMZSSZON)

Taksaune, Suga, and Tanaka (1938). The wavelengthl of the series limit was calculated.
The upper states converse to the 3,'Z state of XT.

661.2 Series 674.0 6 690.6 4Limit

670.4 7 679.8 5 715.5 3

S+ HEIIM BANDS2

Tvo dominant heads. Degraded to the Red.

The wavelengthe for the R2 and Q1 heads are from Douglas (1953) where the calculated
=o ~oq e are sfked with an astertsk. The intenst ies, on a linear scale, are from

1931a,). The rolanai and vibratonat am ysim has been d.tcussed by Meinel

(1950s and b 1951a and bL, Dalby and Dougas (1951;, Douglas (19533, Liu (1959), and
Mathews and -,allace (1961R.

5515.6* 8545.7* 5,12249. 3,339.8*5,0 8603.9* 369.

6106.0 4,0 9145.3* 1,0 4,4
36.2* 9212.1 13001.

6267.6* 9431.2* 2,1 5,5
98.9* 5,1 9502.3* 210.

6853.0* 9733.3* 3,2 14523.
"90.5 (4) 3,0 9808.9' 692. O ,

7036.8* 5) 1 11052. * 15114. 1
81.4' 5 10133. * 297. 1,2

7239. (6) 10499. * 15748. 2
81.8$ 587. * 94,7.

7825.7 42? 20 11036. * 16703. 3
74.6 M63j134. * 927.

6053.6 22) 31 11416. * 17459. *
8105.4 (1 521. * 705.

6293.4 (5) 11820. * 17460.
8348.3 932. * 706. 5,6
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2 FIRST NEGATIVE TAULE 87

a2 1+- X 21+

Mostly single heads. Degraded to the Violet.

The intensities, on an expanded scale and the wavelengths of the main (violet degraded)
part of the systm are from Heraberl (19235, auamented with the data of Marton and Filley
(1925). Perturbaetins catae sot of the bands iqappgar double headed. The rotational and
vibrational constants are sumusrized by Douglas (1952).

The vavelengths of the tail bands are from Herzberg (1928), labelled H, Douglas (1952),
labelled D, and Janin and tyraud (1954). The latters wavelengteh are only accurate to about
0.5 A. The intensities are from Jenin and Ryraud.

3076.4? (1) 4,1 4166.4 (30 3, 4913.2 (4) S.8

3078.2? (1) 3,0 66.8 (30 4958.0 (5) 4,7

3293.9 (80) 4,2 4199.2 (100) 2,3 5010.8 3,6

3299.1 (60) 3,1 4236.5 (250) 1,2 12.4 3

3308.8 2,0 4278.1 (400) 0,1 5076.5 (5) 2,5

3533.2 (100) 5,4 4459.3 (5) 7,9 5148.8 (4) 1,4

3538.0 (100) 4,3 4466.6 (20) 6,8 5228.3 (2) 0,3

3548.2 (200) 3,2 4.8153 (10) ..,7 8,12
3564.4 (300) 2,1 85.9 15 530.2 (0.7) 7,11

3582.5 (300) 1,0 4489.? (2) 9,11 5344.7 (0.4) 9,13

3818.1 4,4 4515.9 (35) 4,6 5372.3 (0.7) 6,10

3835.4 3,3 4553.2 (25 3, 538,3 (0.5) 10,14

3857.9 (40) 2,2 54.4 (30

3884.3 (250) 1,1 5".9 (50) 2,4 5420.8 (0.7) 5,9

3914.4 (1500) 0,0 4651.9 (50) 1,3 5450.0 (0.4) 11,15

4110.9 (2) 6,7 4709.3 (50) 0,2 5485.8 (1) 4,8

2.5, 486474 (5) 0560.8 (0.5 3.7
2163 6 8:11 5653.8 (0.7) 2,6

4140.7 (20) 4,5 4881.7 (4) 6,9

4883.3? 3 1 , 5754.4 (0.5) 1,5
84.6? 1 5864.7 0,4

FIRST NEGATIVE TAIL BANDS

2912.5 (3) 12,7 3374.6 (2) 16,12 D 3691.0 27,19

2970.0 (0) 13,8 H 3381.5 10,8 D 3726.0 29,20
H 2987.5 10,6 3419.6 (1) 14,11 3730.3 (5)

2992.3 (2) 18,11 D 3419.1 0 3730.4 15,13

H 3033.0 11,7 3439.2 (2) 21,15 3733.1 (6) 12,11
3148.5 (0) 13,9 3443.7 (4) 19,14 D 3733.1

D 3756.1 (5) 22,17
3159.8 (4) 20,13 3447.3 (1) 23,16 D 3756.6

H 3174.4 10,7 3493.4 (1) 12,10 3761.6 (10) 20,16
3181.9 (3) 16411 3500.6 (0) 15,12 3782.8 (8) 18,15
3217.7 (3) 16,11 3534.0 (0) 18,14 D 3783.4 26,19

D 3217.1 14,10 3588.6 (2) 16,13 3808.9 (2) 13,12

H 3222.7 D 3587.9 D 3808.7
D 3222.3 t1,8 H 3612.2 10,9 3824.7 (4) 16,14

3250.1 (8) 19,13 3643.2 (4) L4,12 3875.1 (6) 10,10
3263.0 (8) 17,12 0 3643.4
3341.7 (8) 20,14 3646.1 (5) 21,16 3891.8 (6) 19,16
3345.7 (8) 13,10 3655.7 (7) 19,15 0 3907.1 27,20

22,15 3668.1 (6) 11,10 D 3940.1 29,21

3349.6 (8) 18,13 3682.1 (7) 17,14 3994.9 (3) 22,18

Continued next page
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TA@L9 57-8 FIRST NEGATIVE TAIL BANDS
Continued

4006.7 (4) 20.17 4969,3 (3) 15,17 5292.9 (7) 20,21
4720.2 (1) 16,17 4988.2 (5) 18,19 5391.1 (3) 18,20
4743.1 (5) 13,15 5066.2 (3) 21,21 5458.2 (2) 21,22
4769.3 (2) 19,19 5099.8 (3) 16,18 5551.9 (1) 19,21
04850.7 W V4,16 5136.4 (8) 19,20 5632.1 (0) 22,23

5 4830.3 5227.7 (3) 22,21 5721.9 (1) 20,22
4913.5 (4) 20,20 5240.2 (5) 17,19

D 2 Hg-A 2 lu
Double headed. Degraded to the Red.

The wavelengths and intensities are from Tanaka, Namioka and Jursa (1961). The authors
have also confirmed the vibrational numbering by isotopic analysis. Grandmontagne, Janin, and
d'Incan (1959) cite a rocational analysis by Janin and d'Incan (1958b). See also Janin and
d'Incan (1958a).

57.0 (3) 10,1 274. (5) 6,3 2659.7
59.5 63.8 (6) 7,6

2086.0 (4) 9,1 2377.1 (6) 11.5 -
88.6 80.3 2705.3 (2) 4,5

2115.9 2414.7 () 0521.19.4 (5) 8,1 18.0 ) 10,5 2713.2 (6) 6,6
19.4 (5) 8,1 2418.75 11.

2149.5 (6) 7,1 2418.5 (5) 5,3 352.2 21.8 2766.1 (2) 3,5
2169.3 2454.4

72.2 (6) 9,2 58.0 (1) 9,5 2770.8 (1) 5,6
75.3

2202.8 (7) 8,2 (2) 4,3 2804.205.5 69.0 088 (15?) 9,805.2498.8
2224.3 (4) 103 2497.5 (2) 8,5

27.2 2501.0 2837.4 (0) 4,6

2238.3 (10) 72 25 (2) 5,4 2843.4
41.2 31(2 48.6 (1) 6,7

2276.3 (7) 6,2 243. (7) 7,5 2860.2 (4) 8,8
79.4 464.9

2316. (2) 10,42578.632316.13 (2) 10,4 827 (3) 4,4 2907.3 (2) 5,7

2316.7 (4) 5,2 2613.8 (1) 8,6 2920.7 (10) 7,819.8 25.6
2332.2 (5) 7,3 234.4 (3) 3,4 3067.4 (1) 79

36.3 38.2 72.9

2359.8 (1) 4,2 2544.6 (2) 5,5
63.1 48.7
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TADLE 50

N SECOND NEGATIVE

2C22+ y2 +

Single heads. Degraded to the Red.

The bulk of the wavelengths and ell of the intensitses are from Tanaka (1953). Additional
wavelengths are from the high-?esolutifm studies of Wilkinson (1956), labelled W, and Carroll
(1959), labelled C.

)•vac

1377.4 (2) 4,0 1841.4 (0) 5,10 1917.4 (0) 2,8

1415.6 (3) 3,0 w 1841.45 C 1917.211843.8 (3) 4912. 0
1460.8 (3) 3,1 w 1843.93 4, C 1920.7

C 1920.46 1,7
1464.3 (2) 4,2 1846.2 (6) 3.8 1923.4 (0) 0,6
1507.8 (2) 3,2 W 1846.29 C 1923.24
1511.2 (2) 4,3 1848.6 (0) 2,7 1955.9 (0) 8,15
1557.6 (5) 3,3 C 1848.41 1955.9 (0) 8,15

(5) 4,4 1850.5 (0)1962.1 (1) 7,14
1559.2 C 1850.25 1,6 1967.7 (3) 6,13
1609.5 (4) 3,4 1851.9 (0) 0,5 C 1967.76

1611.4 (5) 4, 1893.6 (0) 8,14 C 1973.2 5,12

C 1660.22 0,2 1897.5 (0) 7,13 1979.2 (6)

1664.4 (3) 3,5 1901.6 (3) C 1979.21 4,11C 1664.21
1621 C3,6 1901.75 6,12 W 1979.23

477 1905.7 (4) 1984.6 (7)
W 1721.79 3,6 C 1905.82 5,11 C 1984.69 3,10

W 1905.83 W 1984.75
1778.8 (0) 6,10 1909.6 (5) 1990.1 (0) 2,9
1780.0 (0) 5,9 C 1909.81 4,10 1994.9 (0) 1,8
1781.5 (0) 4,8 W 19 9.84
1784.4 (1) 0 4 1913.5 (6) 2029.2 (0) 7,IS

15, C 1913.65 3,9 2037.1 (0) 6,14
W 1913.64 2044.7 (1) 5,13

2052.2 (2) 4,12
2059.7 (3) 3,11
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-lx

(rel)

C' E C3u, 13 139 AS1* x I

v (w) (W)
0 1396. 2164. 194.95 1493.6 1705.50 1432.91 2329.66

1 1941.8 146I.6 1676.34 1405.24 2301.17
2 1875.26 1444.6 1647.4" 1377.42 2272.61

3 1733.0 (W) I166.64 1349.66 22".6 2243.07
4 1397. 1569.31 1321.72 2215.1 2215.26

5 1374. 1560.26 1293.56 2186.8 2186.47
6 1351. 1531.10 1265.21 2156.5 2157.62
7 1328. 1501.79 1236.63 2128,8 2126."6
8 1472.33 1207.69 2099.2 2099.67
9 1442.76 1176.07 2070.0 2070.50

10 1413.08 1148.39 2041.4 2041.4 2041.43
11 1383.15 1118.58 2011.9 2012.3 2012.20

12 1353.27 1962.9 (H) 1962.90

13 1324.07 1955.8 1953.5 1955. 1953.51
14 1291.55 1923.6 1924.1 1924. 1924.06

15 1260.42 1892.5 1894. 1694.53
16 1229.23 1870.5 1864.93

17 1829.5 1833.25
16 1805.0 1607. 1805.50
19 1775.3 1775. 1775.67

20 1745.7 1743. 1745.77
21 1713.
22
23 1650.
24 1618.

C Romada (1937).
E Harvas (1945).

C, 3, A Diske and Reath (1959).

dy - 4 to 7 LeOlanc, Tanaka and Jugse (1956); v - 1 to 3 Wilkinson (1960);
x • - 13 to 20 Tachulamuaky (1935), quoted by Lotthus (1956a);

v - 13 to 15. 18 to 21, 23 and 24 fros the observations of Haevun (1945);
v - 3 to 11 from the observati• o of Wilkinsm and Hook (1956);
v - 10 to 14 Lof thus (1956%);
v - 0 to 20 calculated vaeue from Lofthus' (1956a) equtispus

*The parenthetic R Indicates that 0 weas obtalaed from bead-head feasurenmnts.
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APPOIDX Cotlinued

Ropser-Eesnta orewe m"i Zafrued Imid v u1Z2 t I mIz-
Igor orv Loe uppte r Jtoer

v'11 "solve) (a) (11) (11) (M) (H) (K) (M) (if)
0 763. 1063. 897.7 742.7 685.4 712.0 923. 533. 482. 322. 16664
I fl6. 873.0 718.0 664.6 665.9 928. 519. 460. 479. 1627.4
2 847.0 695.0 633.2
3 670.5
4 648.0

5

II qbZ• Ou OwfIu mIn u b'1Z b+ I I I

v (H) (H) (H) (H) (H) (H) (H) (H)

0 639.? 697.? 71M-? 1963. 764. 742.3 696. 669. 1666.1

1 657.? 681. 749. 1917. 822.? 732.6 709. 671. 1638.4
2 670. 663. 711. 1885. 722.9 693. 1486.9 1610.7
3 633. 636. 1866. 752.2 583.? 1465.9 1583.2 1366.
4 629. 622. 704.0 360.? 1442.8 1555.4 1357.

5 607. 572. 1420.1 1527.8 1527.
6 592. 550.
7
8 143.
9 1418.

10 1391.
11
12
13 1311.

Saim
Hepmeew-Heli~m Hesr and Beooam (1937).

Grese sind@ Orft (1954).
Heronis Infrared Binds Carroll mid Sayers (1953).

v, up t, a, r. q, p. a. b, L Worley (1943).
x Lofthus (19%6b).

o Worley (1933).
Frem the observtiLons of Wilkiasom and HO-A (1956).

v Lofthus and uLl.ken (1957).
a v-0 to 5 Lofnhue (1956,,). The rT sadesr free the

observatlos of Herani (14351.
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APPENDIX Conttnued

101 -U l C2  c 2 a21 2 21+

v (H) (H)

0 1505.6 2051.1 2371.5 2174.8

1 1482.2 2029.7 2316.8 1843.2 18643.2 2142.2

2 1458.6 2004.3 2260.4 1813.3 1813.4 2109.4

3 1435.7 612.5 1976.0 2196.4 1783.4 1783.6 2076.4

4 1412.3 769.4 1946.1 2122.8 1753.6 2043.0

5 1389.7 766.4 1913.0 2041.0 1723.8 2009.2

6 1366.9 743.5 1951.1 1693.9 1975.7

7 134.4 720.5 1838.2 1664.1 1939.9

8 1322.1 697.8 1q26.9 1634.3 1907.0

9 1299.9 675.0 1596.7 1872.1

10 652.4 1479.9 1836.8

11 629.8 137L.4 1801.1

12 607.2 1276.3 1764.8
13 584.8 1196.3 1728.1

14 1126.6 1691.1

15 1067.1 1653.5

16 1015.5 1615.4
17 966. 1576.8

18 922. 1537.3

19 882. 1497.7

20 845. 1458.2

21 810.

22 775.

23 744.

24 717.7

25 690.3

26 661.8
27 637.6

28 607.4

a, Lofthus (1956b).

N : D Tanaka, Namioka, and Jura& (1961).
C Carroll (1959).

B,X The summary by Douglas (1952).

A v-1 to 3 Douglas (1933); v-1 to 8 Tanaka, Nmlioka, and Jursa
(1961).
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APPEIDIX Contlnued

Worloey.-Jankin Woley
(Worley, 1943). (Worley, 1U53).

m AGAG, AGG1  A1, AG 1 1 
T AGG %

2 2180. 2146. 2103. 2069. 1962. 1917.

1927.?4 2179. 
1863.

5 1886. 1860.?
6 2174.? 1883. 1853.?
9 2172.

10 2178.?
11 2176.?

12 2174.
13 2174.
14 2174.
15 2174.
16 2174.
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